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们又对化合物 1 及其他物种在 pH 值为 9 的缓冲溶液中进行了电化学循环伏安法
的研究。实验结果同样验证了化合物 1 相对于硝酸钴等光催化活性物种具有更强
的水氧化能力。 












催化氧还原性能。以硫代乙酰胺掺杂的 ZIF-67 样品在煅烧后，N 和 S 均匀地分


























Energy is one of the key elements of daily production and consumption in global 
economy. Since the industrial revolution, human beings have made tremendous 
technological and economic progresses based on the use of fossil fuels, which remains 
the dominant energy source today. The demand for oil will continue to grow over the 
next 20 years, largely stemming from the rapid growth in developing economies. On 
the other hand, the price of fossil fuels is unstable due to the limited reserves, 
maldistribution, and political / economic issues. In addition, the exploration and usage 
of fossil fuels leads to serious environmental problems. New and clean renewable 
energy resources are thus needed to replace the fossil fuels. 
Solar energy is one of the most important source of renewable energy. Currently, 
solar energy is mainly used to supply heat energy for calorifier or generate electric 
energy for electrical equipment. A solar cell is an electrical device that converts the 
solar energy into electricity by the photovoltaic effect. However, solar cells can not 
store electrical energy. Photoelectrochemical cells or PECs are solar cells that produce 
electrical energy or stored energy in hydrogen fuels in the process of water electrolysis. 
This type of solar cell uses water as electrolyte solution and generate hydrogen and 
oxygen gas by solar irradiating. This procedure mimics natural photosynthesis in some 
degrees and was named as artificial photosynthesis. In this thesis, I discuss the 
possibility of utilizing polyoxometalates (POMs) and zeolitic imidazolate frameworks 
(ZIFs) as efficient catalysts for light driven water oxidation, electrocatalytic hydrogen 
evolution and oxygen reduction reaction. All of these catalytic reactions are related to 
the utilization of renewable energy, especially the solar energy. 
Firstly, a novel organic-inorganic hybrid monocapped/bicapped Keggin structure 
[CoII(bpy)3]6(H2bpy)[(CoIIbpy)2(PMo8VIo4VO40)]3[(CoIIbpy)(PMo8VIMo4VO40)]•16H2O 
(bpy = 2,2'-bipyridine) 1 was synthesized and shown to be an efficient visible light-
driven catalyst for water oxidation (WOC). The present WOC is built from Keggin-
type POM and bpy, two of the most robust building blocks for designing molecular 
















A TON of up to 50 was observed, before the catalyst was poisoned by species generated 
during the catalytic process. The stability of 1 under photocatalytic conditions was 
demonstrated by DLS, extraction experiment, and UV-Vis and FT-IR spectra. This work 
also demonstrates that POM clusters have the ability to enhance the WOC activity of 
bipyridine-substituted cobalt complexes and thus suggests new opportunities in 
designing hybrid molecular WOCs using POM and metal-bpy building blocks. 
Secondly, we have prepared highly active hydrogen evolution electrodes with 
extremely low Pt coverage, corresponding to only 0.08-0.16 monolayer by anodic 
platinum dissolution and co-deposition of polyoxometalates. The co-deposition of 
POM is found to be crucial for the excellent hydrogen evolution reaction (HER) 
performance of the modified GC, that is comparable to that of the commercial Pt 
working electrode. Our work establishes an interesting strategy for fabricating highly 
active HER electrodes using very small amounts of Pt.  
At last, we studied synthesis of sulfurated porous carbon materials with well-
defined morphologies and uniform N/S distributions via pyrolysis of ZIF loaded with 
sulfur-containing molecules. The optimized sulfurated catalyst demonstrates excellent 
electrocatalytic activity for the oxygen reduction reaction (ORR) in both acid and 
alkaline media. The sulfurization process under optimized conditions can lower the 
ORR over-potential by ca. 170 mV at 3 mA / cm2, giving a non-precious metal catalyst 
with an onset ORR potential of 0.90 V (vs RHE, similarly hereinafter) / half-wave 
potential of 0.78 V in 0.1 M HClO4 and an onset ORR potential of 0.98 V / half-wave 
potential of 0.88 V in 0.1 M KOH. Furthermore, the S-doped porous carbon materials 
perform better in the long-term durability test than the non-S-doped samples and 
standard commercially available Pt/C.  
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